A COOMET.RI(II)-K2.Am-241comparison of the measurement of a standardized solution of Am-241 has enabled two national metrology institutes in the COOMET to demonstrate their traceability to the SI. The results of this comparison will be used to evaluate degrees of equivalence for these institutes through the measurements of the linking laboratory in the key comparison BIPM.RI(II)K-1.Am-241.
Introduction
The objective of this project was to make a COOMET key comparison of national measurement standards of the activity concentration of a standardized solution of radionuclide Am-241 to enable the traceability of the measurement results to the reference value of key comparison BIPM.RI(II) The VNIIM prepared an Am-241 radionuclide solution in 2 M nitric acid and dispatched it to the participants of the COOMET.RI(II)-K2.Am-241 comparison. To provide the traceability of measurement results obtained by the NMIs participating in this COOMET comparison to the reference value of the key comparison BIPM.RI(II)-K1.Am-241, the VNIIM sent a solution aliquot of mass 3.9 g in a BIPM standard ampoule to the BIPM for a comparison within the International Reference System (SIR). Table 1 given below contains a list of the NMIs participating in the comparison and the names of the persons who carried out the measurements.
Participants of the COOMET.RI(II)-K2.Am-241 comparison
In accordance with the technical protocol of the comparison, the participants had to determine the activity concentration of Am-241 in a solution by the methods available to them. Moreover, the comparison participants had also to determine the activity concentration of any radionuclide impurities they determined in the solution. Table 2 lists the Am-241 standardization methods, as well as measurement results with uncertainty values for a coverage factor k = 2, given in accordance with the measurement protocols which were submitted. The detailed uncertainty budgets are given in Table 3 . As it is seen from the Table, two laboratories performed absolute measurements of the Am-241 activity concentration in the solution: the VNIIM measured the activity concentration by the 4πα-γ-coincedence method (4P-PC-AP-NA-GR-CO), and the CENTIS-DMR by the method of a liquid scintillator (4P-LS-AP-00-00-00). According to the current procedures, the indicated absolute methods were identified in the context of the COOMET.RI(II)-K2.Am-241 comparison as the primary national standards of the VNIIM and CENTIS-DMR, respectively.
The CENTIS-DMR used an HPGe gamma spectrometer (UA-GH-GR-00-00-00) and an ionization chamber (4P-IC-GR-00-00-00) that had been calibrated with standard 241 Am point gamma sources certified by the OMH (Hungary) and CIEMAT-LMRI (Spain) on 1/5/2004 and 16/10/2001, respectively. These measuring instruments, being part of the national measurement standard of Cuba, can be identified in these comparisons as the secondary measurement standards traceable to the primary standards of the OMH and CIEMAT-LMRI.
The BelGIM used an HPGe gamma spectrometer (UA-GH-GR-00-00-00) calibrated with standard solutions traceable to the VNIIM. The BelGIM gamma spectrometer was identified in this comparison as a secondary measurement standard traceable to the VNIIM primary measurement standard. The comparison participants did not detect any radionuclide impurities in the solution.
Results of SIR comparisons
As noted in the introduction to this report, the aim of the COOMET.RI(II)-K2.Am-241 comparison consisted in providing the traceability of the Am-241 solution standardization results to the reference value of the BIPM.RI(II)-K1.Am-241 key comparison. To enable this, the VNIIM as the linking NMI, performed a comparison in the SIR system by sending to the BIPM an aliquot of the same solution that had been dispatched to the participants of the COOMET.RI(II)-K2.Am-241 comparison.
This result has been registered in the SIR and is reported in [1] . The result of the VNIIM agrees with the KCRV within the stated uncertainties. This enables a robust link to be made between the COOMET.RI(II)-K2.Am-241 comparison results and the results of the BIPM.RI(II)-K1.Am-241 comparison.
Processing of the COOMET.RI(II)-K2.Am-241 comparison results
In accordance with the CCRI(II)/05-01 Guidelines for key comparisons [2] , each of the comparison participants has to submit to the pilot laboratory at least one result of measurements with an estimated uncertainty. In the present comparison the CENTIS-DMR used three measurement methods in the comparison. Following item 9 of the CCRI(II) recommendations in [2] , the Protocol of measurements that the CENTIS-DMR submitted to the VNIIM included a weighted mean of two results, A = 487.4 kBq/g, with an estimated uncertainty U = 1.12 % for k = 2. The CENTIS-DMR weighted mean was calculated from the measurement results obtained by the liquid scintillator and HP Ge spectrometer methods. This value is indicated in the report as the CENTIS-DMR result for calculating the degrees of equivalence of the national standard of Cuba for the KCDB. Table 4 shows some characteristics of a sub-set of the measurement results where d i = (A i -A)*100/A, and E n is a normalized error statistic (see section 5). Table 4 .
Some characteristics of a set of the results obtained in measuring the Am-241 activity concentration in the solution As noted above, the national measurement standard of Belarus is traceable to the national measurement standard of Russia, and due to this fact the measurement results of the BelGIM and VNIIM are correlated. If a weighted mean calculated without any allowance for the correlation of the BelGIM and VNIIM is taken as the comparison result, then the estimate of the comparison result will be biased and, consequently, incorrect.
On the other hand, it is seen from the table that the uncertainty of the VNIIM measurement result is considerably less than the uncertainty of the measurement results obtained by the other two comparison participants, and the VNIIM result will be the nearest approach to an estimate of the measurement result for any method of weighting.
In connection with this, as well as taking into account the fact that the VNIIM result will be used as the linking value of the COOMET.RI(II)-K2.Am-241 and BIPM.RI(II)-K1.Am-241 comparisons, the result of the activity concentration measurement presented by the VNIIM is taken as the result of the comparison.
Statistical consistency of the comparison data set was verified with a normal statistical test using the following formula:
For the BelGIM value, effectively
= , therefore formula (1) is transformed into:
For the Cuban value,
, therefore formula (1) is transformed into:
Where A i is the result of a comparison participant, except for the VNIIM A is the VNIIM result U i is the value of expanded uncertainty of a participant measurement result, except for the VNIIM, and U is the expanded uncertainty value of the VNIIM result, as given in Table 4 The values of E n are also given in Table 4 and as each is <1, the data are deemed to be consistent.
Preliminary evaluation of the COOMET.RI(II)-K2.Am-241 comparison results
For the convenience of comparison, the expanded uncertainty values and the values of deviation, d i from the VNIIM results are given in Table 4 in terms of relative units. Table 4 shows that all the data of the comparison comply with a normal statistical test, and the deviations of the results d i from the VNIIM value of activity concentration (A = 489.76 kBq/g, u = 0.63 kBq/g, u/A = 0.129%) are all within 0.4 %.
As an illustration, Figure 1 shows the results listed in Table 2 
Conclusion
The results of three NMI participants in the COOMET.RI(II)-K2.Am-241 comparison are consistent with each other and indicate agreement in the dissemination of activity measurements for solutions of 241 Am. In accordance with the Guidelines for CCRI(II) key comparisons [2] , the results of the COOMET.RI(II)-K2.Am-241 comparison, having been approved by the comparison participants, have been sent to the BIPM to establish a link of the results obtained with the reference value of the BIPM.RI(II)-K1.Am-241 key comparisons. The degrees of equivalence for these participants will be published subsequently.
